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INSECTICIDAL COMPOSITIONS AND
METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit of priority
under 35 U.S.C. § 119 from U.S. Provisional Patent Appli-

cation 62/256,867, filed on Nov. 18, 2015 and incorporated
herein by reference in 1ts entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.

FIELD

The present application generally relates to insect control
and, more specifically, to compositions and methods
employing substituted imidazole and substituted pyrazole

compounds for use in controlling insect pests.

BACKGROUND

Insect pests can cause significant losses 1n agriculture,
which can impact food production yields and result in
increased costs to the consumer. Effective control of iver-
tebrate pests can contribute to more eflicient crop produc-
tion.

Among the insect pests that are particularly undesirable
are those that can significantly impact the yield of important
row crops including, for example, corn, soybeans, cotton
and certain other types of vegetables. Examples of insect
pests that can have a destructive impact on these crops
include, but are not limited to, fall armyworm, Western corn
rootworm, diamondback moth, Western tarnished plantbug
and soybean looper.

Ornamental plants or other types of plants not being
cultivated as a food source can be similarly impacted by a
range of 1sect pests. Different insect pests may impact these
types of plants.

Insect pests can also represent a nuisance or health hazard
to both humans and animals. Because of their proximity to
insect-targeted agricultural products, agricultural workers
can oftentimes be particularly affected. Mosquitoes are one
of many examples of insect pests that can be a nuisance or
health hazard to humans and animals.

Although products for controlling insect pests are com-
mercially available, the need continues for new formulations
that are more eflective, less costly, environmentally safer,
and/or exhibit new modes of action. Identifying new com-
pounds that have improved activity against insect pests can
be a dniving factor in the search for formulations having
improved insecticidal activity.

SUMMARY

Compounds that exhibit insecticidal activity are described
heremn. The compounds described herein may be used, for
example, 1 the preparation of compositions and 1n accor-
dance with methods for control of 1nsect pests, as set forth
in detail below. More particularly, compositions and meth-
ods employing substituted imidazole and substituted pyra-
zole compounds for use 1n controlling insect pests are
described herein.
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In some embodiments, methods of the present disclosure
comprise administering to a plant, seed, soil or insect, a
composition comprising a compound of Formula I, a tau-
tomer thereol or a salt thereof

Formula I

R', R® and R” are independently selected from the group
consisting of hydrogen, halogen, alkyl, alkoxy, thioalkyl,
alkenyloxy, alkynyloxy, haloalkyl and haloalkoxy. R* and
R> are independently selected from the group consisting of
hydrogen, halogen, alkyl, alkoxy, alkenoxy and alkynoxy. At
least one of R'-R> is not hydrogen. R® and R’ are indepen-
dently selected from the group consisting of hydrogen,
halogen and alkyl. R® is selected from the group consisting
of hydrogen, alkyl and optionally substituted acylphenyl.

Treatment compositions comprising the compound of
Formula I, a tautometer thereotf or a salt thereof are also

described.

Treated seeds can be prepared by administering the com-
pound of Formula I, a tautomer thereof or a salt thereof to
a seed, 1n which the treated seed comprises the compound of
Formula I.

In some or other i1llustrative embodiments, methods of the
present disclosure comprise administering to a plant, seed,
so1l or insect, a composition comprising a compound of
Formula II or a salt thereof

Formula II

/
RIZ""" \

N
H

R' is selected from the group consisting of optionally
substituted aryl and optionally substituted alkyl. R'' is
selected from the group consisting of optionally substituted
aryl and optionally substituted heteroaryl. R** is selected
from the group consisting of optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alky-
nyl, optionally substituted alkoxy, optionally substituted
heterocycloalkyl and optionally substituted, fully saturated

cycloalkyl. Z 1s C,-C, alkyl or a bond.

Treatment compositions comprising the compound of
Formula II or a salt thereof are also described.

Treated seeds can be prepared by administering the com-
pound of Formula II or a salt thereof to a seed, 1n which the
treated seed comprises the compound of Formula II.
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BRIEF DESCRIPTION OF THE DRAWINGS

Not applicable.

DETAILED DESCRIPTION

Compounds that exhibit insecticidal activity are described
herein. The compounds described herein may be used, for
example, 1 the preparation of compositions and 1n accor-
dance with methods for control of insect pests, as set forth
in detail below. More particularly, compositions and meth-
ods employing substituted imidazole and substituted pyra-
zole compounds for use i1n controlling insect pests are
described herein.

As used herein, the term “insect pest” refers to any nsect
that infests a plant or a planting site, or that 1s a nuisance
insect toward a human or an animal. More specific examples
ol 1nsect pests are provided heremnbelow.

The present disclosure provides a number of compounds
that have beneficial activity toward controlling insect pests.
Substituted 1imidazole and substituted pyrazole compounds
of the types discussed herein can be used for this purpose.
These compounds can be used alone or in combination with
one another for controlling insect pests. Depending upon the
substituents present in the compounds, some 1nsect pests can
be targeted 1n preference to others.

In some embodiments, compounds suitable for control-
ling insect pests can be a compound of Formula I, a tautomer
thereot, or a salt thereof

Formula I
Rﬁ
RS
R! R4
N
R’ ‘ N R”.
\ }‘q
‘ H R3 RS
/

R', R* and R’ are independently selected from the group
consisting of hydrogen, halogen, alkyl, alkoxy, thioalkyl,
alkenyloxy, alkynyloxy, haloalkyl and haloalkoxy. R* and
R> are independently selected from the group consisting of
hydrogen, halogen, alkyl, alkoxy, alkenoxy and alkynoxy. At
least one of R'-R” is not hydrogen. R® and R’ are indepen-
dently selected from the group consisting of hydrogen,
halogen and alkyl. R® is selected from the group consisting
of hydrogen, alkyl and optionally substituted acylphenyl. R”
1s selected from the group consisting of hydrogen and alkyl.

In some or other embodiments, compounds suitable for

controlling msect pests can be a compound of Formula II or
a salt thereof.

Formula 11
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R'™ is selected from the group consisting of optionally
substituted aryl and optionally substituted alkyl. R'' is
selected from the group consisting of optionally substituted
aryl and optionally substituted heteroaryl. R** is selected
from the group consisting of optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alky-
nyl, optionally substituted alkoxy, optionally substituted
heterocycloalkyl and optionally substituted, fully saturated
cycloalkyl. 7 1s C,-C, alkyl or a bond.

As used herein, the term “tautomer” refers to any com-
pound existing 1n at least two forms that readily interconvert,
with a state of equilibrium being established between the at
least two forms.

As used herein, the term “halogen” refers to any radical
of fluorine, chlorine, bromine or 1odine.

As used herein, the term “alkyl” refers to, by 1itself or as
part of another group, both straight and branched chain
radicals of up to ten carbons, which may be optionally
independently substituted. Non-limiting examples of C,-C, ,
alkyl groups include methyl, ethyl, propyl, i1sopropyl, butyl,
sec-butyl, t-butyl, pentyl, isopentyl, hexyl, heptyl, and octyl
groups. In some embodiments of the present disclosure, the
term “alkyl” refers to, by itself or as part of another group,
a straight or branched chain radical comprising from one to
six carbon atoms, or from one to three carbon atoms.

As used herein, the term “haloalkyl” refers to, by itself or
as part of another group, an alkyl group substituted with at
least one halogen. Non-limiting examples of haloalkyl
groups include trifluoromethyl and 2,2,2-trifluoroethyl.

As used herein, the term “alkoxy” refers to, by 1itself or as
part of another group, an alkyl group appended to a parent
molecular entity through an oxygen atom. Non-limiting
examples of alkoxy groups include methoxy, ethoxy,
propoxy, 2-propoxy, 1-butoxy, 2-butoxy, tert-butoxy, I-pen-
toxy, 2-pentoxy, 3-pentoxy, 1-hexoxy, 2-hexoxy, and
3-hexoxy.

As used herein, the term “‘thioalkyl” refers to the sulfur
analogue of an alkoxy group, in which, by itself or as part
of another group, an alkyl group 1s appended to a parent
molecular entity through a sulfur atom.

As used herein, the term “haloalkoxy™ refers to, by itself
or as part of another group, an alkoxy group in which the
appended alkyl group 1s further substituted with at least one
halogen. Non-limiting examples of haloalkoxy groups
include trifluoromethoxy, 2,2-dichloroethoxy, and 2,2,2-tr1-
fluoroethoxy.

As used herein, the term “cycloalkyl” refers to an alkyl
group forming a closed ring comprising from 3 to 8 carbon
atoms or from 6 to 10 carbon atoms, which may be option-
ally substituted. Non-limiting examples of cycloalkyl groups
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
methylcyclohexyl, and cycloheptyl. The term *“cycloalkyl”™
turther refers to any of monocyclic, bicyclic and polycyclic
carbon-containing rings.

As used herein, the term “optionally substituted” refers to
a moiety that may be present as a pendant group attached to
a carbon-containing ring or chain. In some embodiments, an
optional substitution may be a pendant group comprising at
least one heteroatom. As used herein, the term “heteroatom”
refers to oxygen, nitrogen, sulfur or halogen atoms.

As used herein, the term “heterocycloalkyl™ refers to a
saturated or partially saturated monocyclic or bicyclic
hydrocarbon contaiming one or more heteroatoms selected
from O, S, and N, which replace one or more carbon atoms
within the carbon-containing ring. A heterocycloalkyl group
may be attached to a parent molecular entity via any of the
carbon atoms or, if present, a nitrogen atom. Non-limiting
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examples of heterocycloalkyl groups include, but are not
limited to, 4-membered rings, such as an azetidinyl, and
oxetanyl; 5-membered rings, such as tetrahydrofuranyl,
dioxolinyl, pyrrolidinyl, pyrrolidinonyl, imidazolidinyl,
pyrazolidinyl, and pyrrolinyl; 6-membered rings, such as
tetrahydropyranyl, tetrahydrothiopyranyl, piperidinyl, mor-
pholinyl, dithianyl, thiomorpholinyl, piperazinyl, and trithi-
anyl; or 7-membered rings, such as a diazepanyl ring, for
example.

As used herein, the term “aryl” refers to, by itself or as
part of another group, a monocyclic, bicyclic or tricyclic
aromatic group containing from 6 to 14 carbon atoms.
Common aryl groups include C.-C,, aryl, particularly
C4-C,, aryl. Non-limiting examples of C.-C, , aryl groups
include phenyl, naphthyl, phenanthrenyl, anthracenyl, inde-
nyl, azulenyl, biphenyl, biphenylenyl and fluorenyl groups.

As used herein, the term “heteroaryl” refers to, by itself or
as part of another group, a cyclic moiety having 5 to 14 ring
atoms and 6, 10 or 14 & electrons shared in a cyclic array,
in which 1, 2 or 3 of the nng atoms are oxygen, nitrogen,
and/or sulfur atoms and the remaining ring atoms are carbon
atoms. Non-limiting examples of heteroaryl groups include
thienyl (thiophenyl), benzo[b]thienyl, naphtho[2,3-b]thie-
nyl, thianthrenyl, turyl ({uranyl), pyranyl, 1sobenzofuranyl,
chromenyl, xanthenyl, phenoxanthinyl, pyrrolyl, including
without limitation 2H-pyrrolyl, imidazolyl, pyrazolyl,
pyridyl (pyridinyl), including without limitation 2-pyridyl,
3-pyridyl, and 4-pyridyl, pyrazinyl, pyrimidinyl, pyridazi-
nyl, indolizinyl, 1soindolyl, 3H-indolyl, indolyl, indazolyl,
purinyl, 4H-quinolizinyl, isoquinolyl, quinolyl, phthalazi-
nyl, naphthyridinyl, quinazolinyl, cinnolinyl, pteridinyl, car-
bazolyl, 3-carbolinyl, phenanthridinyl, acrindinyl, pyrimidi-
nyl, phenanthrolinyl, phenazinyl, 1sothiazolyl,
phenothiazinyl, 1soxazolyl, furazanyl, phenoxazinyl, 1,4-
dihydroquinoxaline-2,3-dione, 7-aminoisocoumarin, pyrido
[1,2-a]pyrimidin-4-one, pyrazolo[1,5-a]pyrimidinyl,
including without limitation pyrazolo[1,5-a]pyrimidin-3-vl,
1,2-benzoisoxazol-3-yl, benzimidazolyl, 2-oxindolyl and
2-oxobenzimidazolyl. In mstances where a heteroaryl group
contains a nitrogen atom in a ring, the nitrogen atom may
optionally be in the form of an N-oxide, such as pyndyl
N-oxide, pyrazinyl N-oxide or pyrimidinyl N-oxide, for
example.

As used herein, the term “‘alkenyl” refers to a straight- or
branched-chain alkyl group in which at least one carbon-
carbon double bond has replaced a carbon-carbon single
bond. The at least one carbon-carbon double bond can be in
any location and in either the E or Z configuration. Non-
limiting examples of alkenyl radicals include ethenyl, E- and
Z-propenyl, 2-propenyl (allyl), E- and Z-butenyl, E- and
Z-1sobutenyl, E- and Z-pentenyl, E- and Z-hexenyl, E.E-,
E.7Z-, 7.B-, 7,7-hexadienyl, and the like.

As used herein, the term “alkynyl” refers to a straight- or
branched-chain alkyl group in which at least one carbon-
carbon triple bond has replaced a carbon-carbon single bond.
Non-limiting examples of alkynyl groups include CH,—
CH=CH (propargyl), CH,—C=C—CH,, and CH,—C=C—
CH(CH,;)—CH,—CH;

As used herein, the terms “alkenyloxy”™ and “alkynyloxy”
refer to an alkenyl group or an alkynyl group, respectively,
which are appended to a parent molecular entity through an
oxygen atom.

As used herein, the term “acylphenyl” refers to a phenyl
group appended to a parent molecular entity through a
carbonyl moiety.

As one having ordinary skill in the art will understand,
N-unsubstituted 1imidazole compounds are tautomeric and
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interconvert between the 1H and 3H forms. The equilibrium
distribution between the 1H and the 3H forms can depend
upon a number of factors including, for example, pH,
temperature and the type of substituents that are present on
the imidazole group. Accordingly, it 1s to be understood that
any reference herein to a compound having the structure of
Formula 1 also equivalently refers to the tautomeric 3H
structure of Formula I', or an equilibrium mixture of com-
pounds having the structures of Formulas I and I'.

Formula I’

I R! R*
N/
. —
\ )
R’ R
L7\ /
R7 R>

R9

Compounds having the structure of Formula II are
believed to be substantially non-tautomeric.

In some embodiments, the compositions comprise a com-
pound, tautomer or salt of Formula I, in which R', R* and R°
are i1ndependently selected from the group consisting of
hydrogen, halogen, alkyl, alkoxy, thioalkyl, and alkynyloxy.
In some or other embodiments, the compositions comprise
a compound, tautomer or salt of Formula I, in which R', R?
and R are independently selected from the group consisting
of hydrogen, halogen, alkyl, alkoxy, and alkynyloxy.

In some embodiments, the compositions comprise a com-
pound, tautomer or salt of Formula I, in which R', R* and R’
are each alkyl, and in more particular embodiments, R, R”
and R> are each methyl. In still more particular embodi-
ments, R', R* and R’ are each methyl and R*-R” are each
hydrogen.

In some embodiments, the compositions comprise a com-
pound, tautomer or salt of Formula I, in which R' and R” are
each alkyl, and in more particular embodiments, R' and R>
are each methyl.

In some embodiments, the compositions comprise a com-
pound, tautomer or salt of Formula I, in which R' and R” are
each halogen, or R' and R” are each halogen. In more
particular embodiments, R' and R are each chlorine, or R
is chlorine and R? is fluorine, or R* and R* are each chlorine.
In still more particular embodiments, R" and R are each
chlorine, R® and R are each methyl, and R*, R*, R>, R® and
R” are each hydrogen; or R' is chlorine, R is fluorine, R°
and R’ are each methyl, and R*, R*, R>, R® and R” are each
hydrogen; or R' and R” are each chlorine, R® is chlorine, and
R®, R* R>, R’, R® and R” are each hydrogen.

In some embodiments, the compositions comprise a com-
pound, tautomer or salt of Formula I, in which one or both
of R* and R” is/are halogen, and in more particular embodi-
ments, R* and/or R is chlorine or fluorine. In still more
particular embodiments, R* is fluorine, R” is acylphenyl or
acyl(4-fluorophenyl), and R'-R> and R*'-R® are hydrogen.

In some embodiments, the compositions comprise a com-
pound, tautomer or salt of Formula I, in which at least one
of R" and R~ is alkoxy, and in more particular embodiments
R' and R* are each methoxy, or R' is ethoxy, or R* is
methoxy. In still more particular embodiments, R and R’
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are each methoxy, and R*-R” are hydrogen; or R" is ethoxy
and R*-R” are hydrogen; or R* is methoxy, R* and R are
each methoxy, and R', R® and R°-R” are hydrogen.

In some embodiments, the compositions comprise a com-
pound, tautomer or salt of Formula I, in which R' is
alkynyloxy, and in more specific embodiments, R' is prop-
argyloxy. In still more particular embodiments, R" is prop-
argyloxy and R*-R” are hydrogen.

In some embodiments, the compositions comprise a com-
pound, tautomer or salt of Formula I, in which R” is
thioalkyl, and in more specific embodiments, R* is thiom-
ethyl. In still more specific embodiments, R* is thiomethyl,
R' is methyl, and R, R°-R’, and R” are hydrogen.

In some embodiments, the compositions comprise a com-
pound, tautomer or salt of Formula I, in which R' is
hydrogen, or R* is hydrogen, or R” is hydrogen. In some
embodiments, R* and R> are each hydrogen.

In some embodiments, the compositions comprise a com-
pound, tautomer or salt of Formula I, in which R* and R> are
alkoxy, and in more specific embodiments, R* and R> are
methoxy. In other embodiments, the compositions comprise
a compound, tautomer or salt of Formula I, in which R*, R*
and R* are alkoxy, and in more specific embodiments, R', R*
and R* are methoxy.

In some embodiments, the compositions comprise a com-
pound, tautomer or salt of Formula I, in which R® and R’ are
alkyl, and in more specific embodiments R°® and R’ are each
methyl. In still more specific embodiments, R° and R’ are
each methyl and R® is hydrogen.

In some embodiments, the compositions comprise a com-
pound, tautomer or salt of Formula I, in which R° is halogen
and R’ is hydrogen, and in more specific embodiments, R°
is chlorine and R is hydrogen. In still more specific embodi-
ments, R® is chlorine and R’ and R® are hydrogen.

In some embodiments, the compositions comprise a com-
pound, tautomer or salt of Formula I, in which R” is alkyl,
and in more specific embodiments, R” is methyl.

In some embodiments, the compositions comprise a com-
pound, tautomer or salt of Formula I, in which R’ is
optionally substituted acylphenyl, and 1 more specific
embodiments, R” is acylphenyl or acyl(4-fluorophenyl).

In some embodiments, the compositions comprise a com-
pound or salt of Formula II, in which R'® is optionally
substituted aryl, and in more specific embodiments, R'" is
optionally substituted phenyl, or R'" is tolyl. In more spe-
cific embodiments, R'® is p-tolyl. In still more specific
embodiments, R'® is p-tolyl, R'! is phenyl, R'“ is allyl, and
Z is a bond; or R' is phenyl, R'" is 2-thienyl, R"* is
2-methylcyclohexyl, and 7 1s a bond.

In some embodiments, the compositions comprise a com-
pound or salt of Formula II, in which R'® is alkyl or
optionally substituted alkyl, and i more specific embodi-
ments, R'® is methyl. In still more specific embodiments,
R'® is methyl and R'" is 2-chlorophenyl. In yet still more
specific embodiments, R is methyl, R'" is 2-chloropheny],
R"* is ethoxy, and Z is C, alkyl; or R' is methyl, R"" is
2-chlorophenyl, R'* is tetrahydrofuran-2-yl, and Z is C,
alkyl; or R*" is methyl, R'' is 2-chlorophenyl, R'* is tetra-
hydrothiopyran-4-yl, and Z 1s a bond.

In some embodiments, the compositions comprise a com-
pound or salt of Formula II, in which R'' is optionally
substituted aryl, and in more particular embodiments R'" is
phenyl or halophenyl. In more specific embodiments, R*" is
chlorophenyl, and 1n vyet still more specific embodiments,
R'" is 2-chlorophenyl.
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In some embodiments, the compositions comprise a com-
pound or salt of Formula II, in which R'' is optionally
substituted heteroaryl, and in more specific embodiments

R is thienyl. In still more specific embodiments, R'" is
2-thienyl.

In some embodiments, the compositions comprise a com-
pound or salt of Formula II, in which R'* is optionally
substituted, fully saturated cycloalkyl, and 1n more specific
embodiments, R'* is optionally substituted, fully saturated
C,-C, cycloalkyl. In still more specific embodiments, R is
2-methylcyclohexyl, and 1n yet still more specific embodi-
ments, R'? is 2-methylcyclohexyl and Z is a bond.

In some embodiments, the compositions comprise a com-
pound or salt of Formula II, in which R'* is optionally
substituted heterocycloalkyl, and in more specific embodi-
ments, R" is tetrahydrofuranyl or tetrahydrothiopyranyl. In
still more specific embodiments, R'* is tetrahydrofuran-2-yl,
and Z is C, alkyl; or R'* is tetrahydro-2H-thiopyran-4-yl and
Z. 1s a bond.

In some embodiments, the compositions comprise a com-
pound or salt of Formula II, in which R'“ is alkenyl, and in
more specific embodiments, R'* is allyl. In still more spe-
cific embodiments, R'~ is allyl and Z is a bond.

In some embodiments, the compositions comprise a com-
pound or salt of Formula II, in which R'“ is alkoxy, and in
more specific embodiments, R'* is ethoxy. In still more
specific embodiments, R'” is ethoxy and Z is C, alkyl.

In some embodiments, the compositions comprise a com-
pound or salt of Formula II, in which Z 1s C,-C, alkyl, and
in some embodiments, Z 1s C,-C; alkyl. In more specific
embodiments, Z 1s a straight-chain, saturated alkylene moi-
cty, specifically a divalent methylene, ethylene, propylene,
butylene, pentylene, or hexylene moiety.

In some embodiments, the compositions comprise a com-
pound or salt of Formula II in which Z 1s a bond. As used
herein, the term “bond” refers to a direct attachment between
the amide nitrogen atom of Formula II and the moiety
comprising R'#. That is, in embodiments, wherein a bond
exists between the amide nitrogen atom and R'?, there is/are
no interveming bridging atom(s).

In non-limiting embodiments, examples of specific com-
pounds meeting the structural requirements ol Formulas I

and II that can be suitable for use 1n the various embodi-
ments of the present disclosure include:

Formula I-1: 2-mesityl-4,5-diphenyl-H-1imidazole

Formula I-1

/Z
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Formula I-11: 2-(2,6-dichlorophenyl)-4-(2,5-dimeth- Formula I-vi: 4,5-diphenyl-2-(2-(prop-2-yn-1-yloxy)
ylphenyl)-5-phenyl-1H-1imidazole phenyl)-1H-1midazole
Formula I-11 Formula I-vi
Me
5
N
Cl \
—N ‘
Me ‘ \ 10 ‘ N E
~——
N
‘/'\/ \H / O
NF .

: {

Formula I-vi1: 3-(3-chlorophenyl)-2-(2,4-dichloro-

Formula I-11: 2-(2-chloro-6-tfluorophenyl)-4-(2,5-
dimethylphenyl)-5-phenyl-1H-1imidazole

Formula I-111

Me phenyl)-4-phenyl-1H-1midazole
20
Formula I-vii
Cl
N
o N
Me ‘ \ = ‘ \
/\/ TSN AN N Cl
\ h \ i
\/ E P Cl
30
Cl
Formula I-1v:
2-(2,4-dimeth henyl)-4,5-diphenyl-1H-1midazol
(2,4-dimethoxyphenyl)-4,5-dipheny HHHERZOIe Formula I-v1 11: 4,5-diphenyl-2-(2,3.4-trimethoxy-
33 phenyl)-1H-imidazole

Formula I-viii

Formula I-1v

Q MeO 40
N N
"
B )
/
TSN OMe X N O
\H 45 ‘ O
/ \ O
/
Formula I-v: 50 Formula I-1x: 2-(4-(methylthio)phenyl)-4,5-di-p-
2-(2-ethoxyphenyl)-4,3-diphenyl-1H-1midazole tolyl-1H-1imidazole
Formula I-v 55 Formula I-1x
Me
N
| N
60 N —
X N I \ /
‘ ) O AN N \ / S
NF ‘ H
) 63 Me/ 7
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Formula I-x: (4-fluorophenyl)(4-(2-(3-tfluorophe-
nyl)-5-phenyl-1H-imidazol-4-yl)phenyl)methanone

Formula I-x

Formula II-1: N-allyl-3-phenyl-1-(p-tolyl)-1H-pyra-
zole-4-carboxamide

Formula II-1

A

|

P
N\
\ /7

N

e

N\

Formula II-11: N-(2-methylcyclohexyl)-1-phenyl-3-
(thiophen-2-yl)-1H-pyrazole-4-carboxamide

Formula II-11
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Formula II-111: 3-(2-chlorophenyl)-N-(2-ethoxy-
cthyl)-1-methyl-1H-pyrazole-4-carboxamide

Formula II-i1

l N

Cl

=
O e
. \
N
\
Me

Formula II-1v: 3-(2-chlorophenyl)-1-methyl-N-(2-
tetrahydrofuran-2-yl)ethyl)-1H-pyrazole 4-carbox-
amide, and

Formula II-1v

Formula II-v: 3-(2-chlorophenyl)-1-methyl-N-(tetra-
hydro-2H-thiopyran-4-yl)-1H-pyrazole-4-carboxam-
1de

Formula II-v

Also presented herein are compositions comprising an

ellective amount of a compound of Formula I, Formula II or

a mixture thereol for admimstration to a plant, a seed, soil
or an 1nsect to control insect pests. Methods employing a
composition containing an eflective amount of such com-
pounds are also expressly described heremn. It 1s to be
recognized that an eflective amount of a compound of
Formula I and/or Formula II may differ depending upon how

t

ne compositions are being applied. For example, applying

t

ne compositions to a plant may entail a different effective

amount than when the compositions are applied directly to
an 1sect. In another example, eflective amounts of a com-

pound of Formula I or Formula II may vary for diflerent
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types of 1nsects. Furthermore, it 1s to be recognized that an
cllective amount of the compound of Formula I and/or
Formula II may represent a quantity that 1s suflicient to kall
a certain type of insect pest. However, 1t 1s to be recognized
that 1n some alternative embodiments, an eflective amount
may represent a quantity that 1s suflicient to drive an nsect
pest away from a target area and/or prevent the nsect pest
from reproducing, for example.

Particular compounds, tautomers or salts that may be
present 1n an eflective amount within compositions of the
present disclosure include, for example, compounds of For-
mulas I-1 through I-x and II-1 through II-v.

Compositions of the present disclosure may be chosen
from a number of formulation types including but not
limited to, soluble concentrates, suspension concentrates, o1l
miscible liquids, ultra-low volume liquids, emulsifiable con-
centrates, dispersible concentrates, microemulsions, emul-
sions (both oil-in-water and water-in-o1l), o1l dispersions,
capsule suspensions, and microencapsulated particles. Other
examples include dry compositions, including but not lim-
ited to, dustable powders, soluble powders, water-soluble
granules, wettable powders, water-dispersible granules,
spreadable granules and seed treatments.

The compositions described herein can comprise any
adjuvants, excipients, or other desirable component known
in the art. Non-limiting examples of additional ingredients
include surfactants, co-surfactants, permeation enhancers,
dispersants, wetting agents and co-solvents.

Compositions described herein may further comprise a
surfactant 1n some embodiments. Suitable surfactants can
include those that promote dispersion of the compound of
Formula I or Formula II 1n a liqud phase. Surfactants can be
chosen for compatibility with a particular application and
compound. Suitable surfactants can be chosen from cationic
surfactants, anionic surfactants, zwitterionic surfactants, and
neutral surfactants, and illustrative examples of each cat-
cgory will be familiar to one having ordinary skill in the art.

In additional embodiments, the compositions described
herein may further comprise an additional co-active. The
co-active may be, for example, an isecticide, a fungicide,
an herbicide, a nematicide, a biocontrol agent, a microor-
ganism, or any mixture thereof. Suitable examples of these
additional co-actives are provided hereinaftter.

Non-limiting examples of insecticides and nematicides
include carbamates, diamides, macrocyclic lactones, neoni-
cotinoids, organophosphates, phenylpyrazoles, pyrethrins,
spinosyns, synthetic pyrethroids, tetronic and tetramic acids.
For example, a liquid seed treatment composition may
comprise one or more msecticides and nematicides selected
from abamectin, aldicarb, aldoxycarb, bifenthrin, carbo-
furan, chlorantraniliprole, clothianidin, cyantraniliprole,
cyfluthrin, cyhalothrin, cypermethrin, deltamethrin, dinote-
furan, emamectin, ethiprole, fenamiphos, fipronil, flubendi-
amide, fosthiazate, imidacloprid, 1tvermectin, lambda-cyha-
lothrin, milbemectin, tioxazaien, nitenpyram, oxamyl,
permethrin, spinetoram, spinosad, spirodichlofen, spirote-
tramat, tefluthrin, thiacloprid, thiamethoxam, tioxazafen,
and thiodicarb.

Non-limiting examples of useful fungicides include aro-
matic hydrocarbons, benzimidazoles, benzothiadiazole, car-
boxamides, carboxylic acid amides, morpholines, phenyl-
amides, phosphonates, quinone outside inhibitors (e.g.,
strobilurins), thiazolidines, thiophanates, thiophene carbox-
amides, and triazoles. Non-limiting examples of fungicides
include acibenzolar-S-methyl, azoxystrobin, benalaxyl, bix-
afen, boscalid, carbendazim, chlorothalonil, cyproconazole,
dimethomorph, epoxiconazole, fludioxonil, fluopyram, flux-
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apyroxad, fluoxastrobin, flutianil, flutolanil, fluxapyroxad,
fosetyl-Al, 1pconazole, 1sopyrazam, kresoxim-methyl,
mefenoxam, metalaxyl, metconazole, myclobutanil, orysas-
trobin, penflufen, penthiopyrad, picoxystrobin, propicon-
azole, prothiconazole, pyraclostrobin, sedaxane, silthiofam,
tebuconazole, thiabendazole, thifluzamide, thiophanate, tol-
clofos-methyl, trifloxystrobin, and triticonazole.

Non-limiting examples of herbicides include ACCase
inhibitors, acetanilides, AHAS inhibitors, carotenoid bio-
synthesis inhibitors, EPSPS inhibitors, glutamine synthetase
inhibitors, PPO 1nhibitors, PS II inhibitors, and synthetic
auxins. Particular examples of herbicides include acetochlor,
clethodim, dicamba, flumioxazin, fomesaien, glyphosate,
glufosinate, mesotrione, quizalofop, saflufenacil, sulcotri-
one, and 2,4-D (2.4-dichlorophenoxyacetic acid).

Additional co-actives may also comprise substances such
as, biological control agents, microbial extracts, natural
products, plant growth activators or plant defense agents.
Non-limiting examples of biological control agents include
bacteria, fungi, beneficial nematodes, and viruses.

In certain embodiments, the biological control agent can
comprise a bacterium of the genus Actinomycetes, Agrobac-
terium, Arthrobacter, Alcaligenes, Aureobacterium, Azo-
bacter, Bacillus, Beijerinckia, Bradyrhizobium, Brevibacil-

lus,  Burkholderia,  Chromobacterium,  Clostridium,
Clavibacter, Comamonas, Corynebacterium, Curtobacte-
rium, Enterobacter — Flavobacterium, (Gluconobacter

Hydrogenophaga, Klebsiella, Metarhizium, Methylobacte-
rium, Paenibacillus, Pasteuria, Photorhabdus, Phyllobac-
terium, Pseudomonas, Rhizobium, Serratia, Sphingobacte-
rium, Stenotrophomonas, Streptomyces, Variovorax, and
Xenorhabdus. In particular embodiments the bacteria is
selected from the group consisting of Bacillus amylolique-

faciens, Bacillus cereus, Bacillus firmus, Bacillus, lichen-

35 formis, Bacillus pumilus, Bacillus sphaericus, Bacillus sub-
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tilis, Bacillus thuringiensis, Bradyrhizobium japonicum,
Chromobacterium subtsugae, Metarhizium anisopliae, Pas-
teuria nishizawae, Pasteuria peneivans, Pasteuria usage,
Pseudomonas fluorescens, and Streptomyces lvdicus.

In certain embodiments, the biological control agent can
comprise a fungus of the genus Alternaria, Ampelomyces,
Aspergillus, Aureobasidium, Beauveria, Colletotrvichum,
Coniothyrium, Gliocladium, Metarhizium, Muscodor, Paeci-
lomyces, Penicillium, Trichoderma, Typhula, Ulocladium,
and Verticillium. In another embodiment, the fungus is
Beauveria bassiana, Coniothyrium minilans, Gliocladium
virens, Muscodor albus, Paecilomyces lilacinus, Penicillium
bilaiae, Trichoderma asperellum, Trichoderma polysporum,
or Irvichoderma virens.

In certain embodiments, the biological control agent can
comprise harpin, Reyroutria sachalinensis, jasmonate,
lipochitooligosaccharides, salicylic acid and/or 1soflavones.
In another embodiment, the biological control agent may
comprise Bacillus firmus.

Compounds and compositions described herein can be
administered to seeds, plants or the growth medium of plants
(e.g., soil), wherein the control of insects 1s desired. The
compounds and compositions can likewise be administered
directly to insects for similar purposes. For example, 1n
various embodiments, the present disclosure provides meth-
ods of controlling 1nsect pests, in which the methods com-
prise administering to a plant, seed, soil or insect, a com-
position comprising an eflective amount of a compound
described herein.

More specifically, in some embodiments, methods
described herein may comprise administering to a plant,
seed, soil or msect, a composition comprising a compound
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of Formula I, a tautomer thereol, or a salt thereot, where the
variables in Formula I are defined as above. In some or other
embodiments, methods described herein may comprise
administering to a plant, seed, soil or mnsect, a composition
comprising a compound of Formula II or a salt thereof,
where the variables in Formula II are defined as above.

The techniques by which the compositions are adminis-
tered to a plant, seed, soil and/or mnsect are not believed to
be particularly limited. Particular techniques can be chosen
depending upon the target to which the compositions are to
be administered. Suitable techmiques can include, for
example, spreading a solid formulation or spraying a liquid
formulation of the compositions 1n the case of administra-
tion to a plant or imsect. In the case of administration to a
seed, the compositions may be blended with a plurality of
seeds 1n a hopper, or a liquid formulation may be sprayed
upon a plurality of seeds, for example.

In some embodiments, the compositions can be adminis-
tered to a seed. In other embodiments, the compositions can
be administered to a plant. In more particular embodiments,
the compositions can be adminmistered to foliage of a plant or
to soil surrounding a root zone of the plant. In still other
embodiments, the compositions can be administered directly
to an msect. Choice of administration in a given manner can
be dictated whether the mnsects are primarily surface insects
or sub-surface isects, for example.

Non-limiting examples of plants that may be protected
from 1nsect pests 1n accordance with the methods described
herein include monocotyledon crops such as corn, wheat,
barley, rye, sugar cane, rice, sorghum, oat; dicotyledon crops
such as cotton, sugar beet, peanut, potato, sweet potato, yam
sunflower, soybean, alfalfa, flax, canola, grapes, tobacco;
vegetables including Solanaceae vegetables such as egg-
plant, tomato, green pepper and pepper, Cucurbitaceae
vegetables such as cucumber, pumpkin, zucchini, water-
melon, melon, and squash; Brassicaceae vegetables such as
radish, turnip, horseradish, Chinese cabbage, cabbage, leaf
mustard, broccoli and cauliflower; Asteraceae vegetables
such as artichoke and lettuce; Liliaceae vegetables such as
leek, onion, garlic, and asparagus; Apiaceae vegetables such
as carrot, parsley, celery and parsnip; Chenopodiaceae veg-
ctables such as spinach and chard; Lamiaceae vegetables
such as mint and basil; flowers such as peturia, morning
glory, carnation, chrysanthemum and rose; foliage plants;
fruit trees such as pome fruits (e.g., apple, pear and Japanese
pear), stone fruits (e.g., peach, plum, nectarine, cherry,
apricot, and prune), citrus (e.g., orange, lemon, lime and
grapelruit), tree nuts (e.g., chestnut, pecan, walnut, hazel,
almond, pistachio, cashew, and macadamia), berries such as
blueberry, cranberry, blackberry, strawberry, and raspberry;
persimmon; olive; loquat; banana; coflee; palm; cocoa; the
other trees such as tea, mulberry, tlower trees, and landscape
trees (e.g., ash, birch, dogwood, eucalvptus, ginkgo, lilac,
maple, oak, poplar, Formosa sweet gum, sycamore, {ir,
hemlock fir, needle juniper, pine, spruce, and yew); and turf.

Non-limiting examples of insect pests that may be con-
trolled by the methods described herein include members of
the orders Coleoptera, Diptera, Hemiptera, and Lepidoptera.

Non-limiting examples of the members of the order
Coleoptera iclude Acalvmma, Acanthoscelides, Adovetus,
Agelasica, Agriotes, Alphitobius, Amphimallon, Anobium,
Anoplophora, Anthononius, Anthvenus, Apion, Apogonia,
Atomaria, Attagenus, Bruchidius, Bruchus, Cassida, Cero-
toma, Ceutorrhvnchus, Chaetocnema, Cleonus, Conoderus,
Cosmopolites, Costelyvtra, Ctenicera, Curculio, Cryptorhyn-
chus, Cylindrocopturus, Devmestes, Diabrotica, Dichocro-
cis, Diloboderus, Epilachna, Epitrix, Faustinus, Gibbium,
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Hellula, Heteronychus, Heteronyx, Hylamorpha,
Hylotrupes, Hypera, Hypothenemus, Lachnosterna, Lema,
Leptinotarsa, Leucoptera, Lissorhoptrus, Lixus, Luperodes,
Lyctus, Megascelis, Melanotus, Meligethes, Melolontha,

5 Migdolus, Monochanus, Naupactus, Niptus, Oryctes, Oryz-
aephilus, Orvzaphagus, Oliorrhynchus, Oxycetonia, Pha-
edon, Phvllophaga, Phyllotreta, Popillia, Premnotrypes,
Prostephanus, Psylliodes, Ptinus, Rhizobius, Rhizopertha,
Sitophilus, Sphenophorus, Stegobium, Sternechus, Symphy-

10 letes, Ianymecus, Ienebrio, 1ribolium, ITrogoderma,
Tvchius, Xylotrechus, and Zabrus.

Non-limiting examples of the members of the order
Diptera include Aedes, Agromyza, Anastrepha, Anopheles,
Asphondylia, Bactrocera, Bibio, Calliphora, Ceratitis, Chi-

15 ronomus, Chrysomyia, CHrysops, Cochliomvia, Contarinia,
Cordylobia, Culex, Culicoides, Culiseta, Cuterebra, Dacus,
Dasvneura, Delia, Dermatobia, Dvosophila, Echinocnemus,
Fannia, Gasterophilus, Glossina, Haematopota, Hydrellia,
Hylemyia, Hyppobosca, Hypoderma, Liriomyvza, Lucilia,

20 Lutzomia, Mansonia, Musca, Nezara, Oestrus, Oscinella,
Pegomyia, Phlebotomus, Phovbia, Phormia, Prodiplosis,
Psila, Rhagoletis, Sarcophaga, Simulium, Stomoxys,
labanus, lannia, Ietanops, and Tipula.

Non-limiting examples of the members of the order

25 Hemiptera (sub-order Heteroptera) include Anasa tristis,
Antestiopsis spp., Boisea spp., Blissus spp., Calocoris spp.,
Campylomma livida, Cavelerius spp., Cimex spp., Cimex
lectularius, Cimex hemipterus, Collaria spp., Creontiades
dilutus, Dasynus piperis, Dichelops furcatus, Diconocoris

30 hewetti, Dysdercus spp., Fuschistus spp., Lurygaster spp.,
Heliopeltis spp., Horcias nobilellus, Leptocorisa spp., Lep-
toglossus phvllopus, Lvgus spp., Macropes excavatus, Mivi-
dae, Monalonion atratum, Nezara spp., Oebalus spp., Pen-
tomidae, Piesma quadrata, Piezodorus spp., Psalhlus spp.,

35 Pseudacysta persea, Rhodnius spp., Sahlbergella singularis,
Scaptocoris castanea, Scotinophora spp., Stephanitis nashi,
Tibraca spp., Triatoma spp.

Non-limiting examples of the members of the order
Homoptera include Acyrthosipon spp., Acrogonia spp..

40 Aeneolamia spp., Agonoscena spp., Aleurodes spp., Aleu-
rolobus barodensis, Aleurothrixus spp., Amrasca spp., Anu-
raphis cardui, Aonidiella spp., Aphanostigma piri, Aphis
spp., Arboridia apicalis, Aspidiella spp., Aspidiotus spp.,
Atanus spp., Aulacorthum solani, Bemisia spp., Brachycau-

45 dus helichrysii, Brachycolus spp., Brevicoryne brassicae,
Calligypona marginata, Carneocephala fulgida, Ceratova-
cuna lanigera, Cercopidae, Ceroplastes spp., Chaetosiphon
fragaefolii, Chionaspis tegalensis, Chlorita onukii, Chroma-
phis juglandicola, Chrysomphalus ficus, Cicadulina mbila,

50 Coccomytilus halli, Coccus spp., Cryptomyzus rvibis, Dal-
bulus spp., Dialeurodes spp., Diaphorina spp., Diaspis spp..
Drosicha spp., Dysaphis spp., Dysmicoccus spp., Empoasca
spp., Eriosoma spp., Evvthroneura spp., Euscelis bilobatus,
Ferrisia spp., Geococcus coffeae, Hieroglyphus spp.,

55 Homalodisca coagulata, Hyaloplerus arundinis, Icerya
Spp., Idiocerus spp., Idioscopus spp., Laodelphax striatellus,
Lecanium spp., Lepidosaphes spp., Lipaphis evysimi, Mac-
rosiphum spp., Mahanarva spp., Melanaphis sacchari, Met-
calfiella spp., Metopolophium divhodum, Monellia costalis,

60 Monelliopsis pecanis, Myzus spp., Nasonovia ribisnigri,
Nephotettix spp., Nilaparvata lugens, Oncometopia spp.,
Orthezia praelonga, Parabemisia myricae, Paratrioza spp.,
Parlatoria spp., Pemphigus spp., Peregrinus maidis, Phen-
acoccus spp., Phloeomyzus passerinii, Phorodon humuli,

65 Phylloxera spp., Pinnaspis aspidistrae, Planococcus spp..
Protopulvinaria pyriformis, Pseudaulacaspis pentagona,

Pseudococcus spp., Psylla spp., Pteromalus spp., Pyrilla
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spp., Quadraspidiotus spp., Quesada gigas, Rastrococcus
spp., Rhopalosiphum spp., Saissetia spp., Scaphoides tita-
nus, Schizaphis graminum, Selenaspidus articulatus, Sogata
spp., Sogatella furcifera, Sogatodes spp., Stictocephala fes-
tina, 1enalaphara wmalayensis, Tinocallis caryaefoliae,
lomaspis spp., loxoptera spp., Irialeurodes spp., Trioza
spp., Iyphlocvba spp., Unaspis spp., Viteus vitifolii, Zvgina
SPp.

Non-limiting examples of the members of the order
Lepidoptera include Acronicta major, Adoxophves, Aedia
leucomelas, Agrotis, Alabama, Amyelois transitclla, Anar-
sia, Anticarsia, Argyroploce, Barathva brassicae, Borbo
cinnara, Bucculatvix thurberiella, Bupalus piniarius,
Busseola, Cacoecia, Caloptilia theivora, Capua reticulana,
Carpocapsa pomonella, Carposina niponensis, Chematobia
brumata, Chilo, Choristoneura, Clysia ambiguella, Cnapha-
locerus, Cnephasia, Conopomorpha, Conotrachelus, Copi-
tarsia, Cvdia, Dalaca noctuides, Diaphania, Diatraea sac-
charalis, Earias, Ecdytolopha aurvantium, Elasmopalpus
lignosellus, Lldana saccharina, Ephestia, Epinotia, Lpi-
phvas postvittana, Etiella, Fulia, Fupoecilia ambiguella,
Fuproctis, Fuxoa, Feltia, Galleria mellonella, Gracillaria,
Grapholitha, Hedvlepta, Helicoverpa, Heliothis, Hofman-
nophila  pseudospretella, = Homoeosoma,  Homona,
Hyponomeuta padella, Kakivoria flavofasciata, Laphygma,
Laspeyresia molesta, Leucinodes orbonalis, Leucoptera,
Lithocolletis, Lithophane antennata, Lobesia, Loxagrotis
albicosta, Lymantria, Lyonetia, Malacosoma neustria,
Maruca testulalis, Mamestra brassicae, Mocis, Mythimna
separata, Nymphula, Oiketicus, Oria, Orthaga, Ostrinia,
Oulema oryzae, Panolis flammea, Parnara, Pectinophora,
Perileucoptera, Phthorimaea, Phyllocnistis citrella, Phyl-
lonorycter, Pieris, Platynota stultana, Plodia interpunctella,
Plusia, Plutella xylostella, Prays, Prodenia, Protoparce,
Pseudaletia, Pseudoplusia includens, Pyrausta nubilalis,
Rachiplusia nu, Schoenobius, Scivpophaga, Scotia segetum,
Sesamia, Sparganothis, Spodoptera, Stathmopoda, Stomop-
teryx subsecivella, Synanthedon, 1ecia solanivora, Therme-
sia gemmatalis, Tinea pellionella, 1ineola bisselliella, Tor-
trix, 1rvichophaga tapetzella, Trichoplusia, Tuta absoluta,
and Virachola.

In more specific embodiments, illustrative insect pests
that can be controlled by practicing the disclosure herein
include, for example, diamondback moth, fall armyworm,
soybean looper, Western corn rootworm, Western tarmished
plantbug and yellow fever mosquito.

Non-limiting examples of plants that can be protected
from 1nsect pests according to the disclosure herein include
crop plants. Illustrative crop plants that can be protected
according to the disclosure heremn include, for example,
corn, cotton, soybeans, cereals, peanuts, suniflower, dry
beans, peas, legume vegetables, sugarcane, alfalfa, and
canola. Ormamental plants can be protected in a similar
mannet.

In some embodiments, the disclosure i1s related to a seed
that has been treated with a composition as described herein
comprising a compound, tautomer or salt of Formula I
and/or a compound or salt of Formula II. The compound of
Formula I and/or Formula II becomes associated with the
resulting treated seed. The treated seed can promote distri-
bution of the compound of Formula I and/or Formula II 1into
the root zone surrounding the plant upon being planted. In
some embodiments, the compositions can be administered to
a seed using a seed treatment such as, for example, solid
matrix priming, imbibition, coating, and spraying. The
treated seed may be for any plant species as described
herein. In some embodiments, a seed can be treated with a
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composition as described herein, including formulating,
mixing 1 a seed treater tank, or combining on a seed by
overcoating one or more additional active ingredients. The
active 1ngredient(s) may be, for example, an 1nsecticide, a
fungicide, an herbicide, a nematicide, a biological control
agent or a microorganism. The seed may also be a transgenic
seed 1n some embodiments.
Embodiments disclosed herein include:

Embodiment A

A method for controlling insect pests. The methods com-
prise: administering to a plant, seed, soil or 1sect, a com-
position comprising a compound of Formula I, a tautomer
thereol or a salt thereof

) Formula I
RS i

R R
[ N\ \_/

R’ R,
§ > <\ /
\ VA
. H R? R

wherein R', R® and R are independently selected from the
group consisting of hydrogen, halogen, alkyl, alkoxy, thio-
alkyl, alkenyloxy, alkynyloxy, haloalkyl and haloalkoxy;
wherein R* and R> are independently selected from the
group consisting of hydrogen, halogen, alkyl, alkoxy, alk-
enyloxy and alkynyloxy; wherein at least one of R'-R” is not
hydrogen; wherein R® and R’ are independently selected
from the group consisting of hydrogen, halogen and alkyl;
wherein R® is selected from the group consisting of hydro-
gen, alkyl and optionally substituted acylphenyl;, and
wherein R” is selected from the group consisting of hydro-
gen and alkyl.

Embodiment B

A method for controlling insect pests. The methods com-
prise: admimstering to a plant, seed, soil or insect, a com-

position comprising a compound of Formula II or a salt
thereof

Formula II

wherein R'" is selected from the group consisting of option-
ally substituted aryl and optionally substituted alkyl;
wherein R'" is selected from the group consisting of option-
ally substituted aryl and optionally substituted heteroaryl;
wherein R'* is selected from the group consisting of option-
ally substituted alkyl, optionally substituted alkenyl, option-




US 10,827,755 B2

19

ally substituted alkynyl, optionally substituted alkoxy,
optionally substituted heterocycloalkyl and optionally sub-
stituted, fully saturated cycloalkyl; and wherein Z 1s C,-C,
alkyl or a bond.

Embodiment C

An 1nsecticidal treatment composition. The treatment
compositions comprise: a compound of Formula I, a tau-
tomer thereol or a salt thereof

Formula I

wherein R', R* and R” are independently selected from the
group consisting of hydrogen, halogen, alkyl, alkoxy, thio-
alkyl, alkenyloxy, alkynyloxy, haloalkyl and haloalkoxy:;
wherein R* and R are independently selected from the
group consisting of hydrogen, halogen, alkyl, alkoxy, alk-
enyloxy and alkynyloxy; wherein at least one of R'-R” is not
hydrogen; wherein R°® and R’ are independently selected
from the group consisting of hydrogen, halogen and alkyl;
wherein R® is selected from the group consisting of hydro-
gen, alkyl and optionally substituted acylphenyl; and
wherein R” is selected from the group consisting of hydro-
gen and alkyl.

Embodiment D

A treated seed. The treated seeds comprise the compound
of Formula I, a tautomer thereof, or a salt thereof.

Embodiment E

An 1nsecticidal treatment composition. The treatment

compositions comprise: a compound of Formula II or a salt
thereof

Formula II

wherein R'" is selected from the group consisting of option-
ally substituted aryl and optionally substituted alkyl;
wherein R'' is selected from the group consisting of option-
ally substituted aryl and optionally substituted heteroaryl;
wherein R'~ is selected from the group consisting of option-
ally substituted alkyl, optionally substituted alkenyl, option-
ally substituted alkynyl, optionally substituted alkoxy,
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optionally substituted heterocycloalkyl and optionally sub-
stituted, fully saturated cycloalkyl; and wherein Z 1s C,-C,
alkyl or a bond.

Embodiment F

A treated seed. The treated seeds comprise the compound
of Formula II or a salt thereof.

Each of embodiments A-F may have one or more of the
following additional elements in any combination:

Element 1: wherein R', R* and R’ are independently
selected from the group consisting of hydrogen, halogen,
alkyl, alkoxy, thioalkyl and alkynyloxy.

Element 2: wherein an eflective amount of a compound
selected from the group consisting of 2-mesityl-4,5-diphe-
nyl-1H-imidazole, 2-(2,6-dichlorophenyl)-4-(2,5-dimethyl-
phenyl)-3-phenyl-1H-1imidazole, 2-(2-chloro-6-fluorophe-
nyl)-4-(2,5-dimethylphenyl)-5-phenyl-1H-imidazole, 2-(2,
4-dimethoxyphenyl)-4,5-diphenyl-1H-imidazole, 2-(2-
cthoxyphenyl)-4,3-diphenyl-1H-1imidazole, 4,5-diphenyl-2-
(2-(prop-2-yn-1-yloxy)phenyl)-1H-imidazole, 5-(3-
chlorophenyl)-2-(2,4-dichlorophenyl)-4-phenyl-1H-

imidazole,  4,5-diphenyl-2-(2,3,4-trimethoxyphenyl)-1H-
imidazole, 2-(4-(methylthio)phenyl)-4,5-di-p-tolyl-1H-
imidazole, (4-tfluorophenyl)(4-(2-(3-fluorophenyl)-3-

phenyl-1H-imidazol-4-yl)phenyl) methanone, a tautomer
thereof and a salt thereof 1s administered to the plant, seed,
so1l or 1nsect.

Element 3: wherein the composition 1s administered to a
seed.

Element 4: wherein the composition 1s administered to a
plant.

Element 5: wherein the composition 1s applied to foliage
of the plant.

Element 6: wheremn the composition 1s applied to soil
surrounding a root zone of the plant.

Element 7: wherein the plant 1s a crop plant selected from
the group consisting of corn, cotton, soybeans, cereals,
peanuts, sunflower, dry beans, peas, legume vegetables,
sugarcane, alfalfa and canola.

Element 8: wherein the insect pest 1s a member of an order
selected from the group consisting of Coleoptera, Diptera,
Hemiptera and Lepidoptera.

Element 9: wherein the msect pest 1s a member of a genus
selected from the group consisting Aedes, Diabrotica,
Lygus, Plutella, Pseudoplusia and Spodoptera.

Element 10: wherein the insect pest 1s selected from the

group consisting ol diamondback moth, fall armyworm,
soybean looper, Western corn rootworm and yellow fever
mosquito.

Element 11: wherein the treatment composition further
comprises a surfactant.

Element 12: wherein the treatment composition further
comprises a fungicide, an insecticide, a nematicide, an
herbicide, a microorganism or mixtures thereof.

Element 13: wherein R'® is selected from the group
consisting of phenyl and tolyl, and R'' is selected from the

group consisting of phenyl, thienyl and chlorophenyl.

Element 14: wherein R'? is selected from the group
consisting of allyl, 2-methylcyclohexyl, ethoxy, tetrahydro-
furan-2-yl, tetrahydro-2H-thiopyran-4-yl, and 7Z 1s C,-C,
alkyl or a bond.
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Element 15: wherein an effective amount of a compound

selected from the group consisting of N-allyl-3-phenyl-1-
N-(2-methylcyclo-
hexyl)-1-phenyl-3-(thiophen-2-yl)-1H-pyrazole-4-carbox-
amide, 3-(2-chlorophenyl)-N-(2-ethoxyethyl)-1-methyl-1H-
pyrazole-4-carboxamide, 3-(2-chlorophenyl)-1-methyl-N-
(2-(tetrahydrofuran-2-yl)ethyl)-1H-pyrazole-4-
3-(2-chlorophenyl)-1-methyl-N-(tetrahydro-
2H-thiopyran-4-yl)-1H-pyrazole-4-carboxamide, and a salt

(p-tolyl)-1H-pyrazole-4-carboxamide,

carboxamaide,

thereot 1s administered to the plant, seed, soil or insect.

Having described the disclosure in detail, 1t will be
apparent that modifications and variations are possible with-
out departing from the scope of the claims. The following
examples are to be considered as merely illustrative, and are
not intended to limit the scope of this invention.

Scheme 1: Synthetic scheme for the preparation of compounds of Formula I
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EXAMPLES

Generally, compounds of Formula I and II may be pre-
pared using an extension ol methods known to those having
ordinary skill in the art.

Example 1: Synthesis of Compounds of Formula I

Compounds of Formula I may be prepared as illustrated
by the exemplary synthetic route shown 1n Scheme 1 below.
S-Bromoimidazoles 3 with a diverse set of substitutions can
be prepared via a copper-catalyzed cycloamination reaction
of 1,1-dibromoalkenes 1 with corresponding amidines 2.
Tri-substituted 1imidazoles 5 can be prepared from corre-
sponding S-bromo 1midazoles 3 via Suzuki-Miyaura cross-
coupling with appropnate arylboronic acids 4 under the
conditions described 1n Scheme 1. Following deprotection,
compounds of Formula I result.

R! R*
R! NH Br
N
Br R4 \ 2
X NH—Pg (1) TBAF*H,0, DMF, 80° C. | R
+ - N
Ry (2) CuCl, ligand, * air, 100° C. |
R” R? R’ Pg R’ R>
1 5
R oS
,
3
Rﬁ
RS
Rﬁ B(OH)2 . Rl R4
NN Pd(OAc), (2.5 mol %) \ /
- ‘ A-taPhos (6 mol %) N /— Deprotection
T
D8 NN n7 K,CO; (6 equiv.) R’ I \\ R2
DME/water, 80° C. / \\ /
4 T / \
9
R Y
5
Rﬁ
RS
R! R*
BN
R? I \\ / R2
/
~ \ /
N
H
R’ R>
R9
Formula I

Ligand = 4,7-diphenyl-1,10-phenanthroline (20 mol %o)
Pg = protecting group
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Additionally, certain compounds of Formula I may also be
prepared as generally set forth 1n Scheme 2 below. 2-aryl-
4,5-dibromo 1midazole 8 can be prepared via reaction of aryl
aldehyde 6 with 1,2-ethanediamine followed by bromination
of mtermediate 7 with N-bromosuccinimide. The com-
pounds of Formula I can be prepared from 4,5-dibromoimi-
dazole 8 via Suzuki-Miyaura cross-coupling with arylbo-
ronic acid 9 as described 1n Scheme 2. As depicted in
Scheme 2, arylboronic acid 9 1s chosen such that compounds
of Formula I with symmetrical substitution are formed (i.e.,
R,—R, and R,—R-,—H). Asymmetrical compounds of For-
mula I can be prepared by using differentially substituted
arylboronic acids 9 (i.e., one arylboronic acid bearing the
full range of R®, R” and R® substitution and one arylboronic
acid bearing R’ substitution). When employing different
arylboronic acids 9, differentially substituted regioisomers
resulting from statistical reaction of arylboronic acids 9 with
4,5-dibromoimidazole 8 can result, which may need to be
separated further.

Scheme 2: Synthetic Scheme for the preparation of compounds of Formula

6
R! R
N
N
H
& R
7
o R! R*
I
N/
. N-bromosuccinimide _ l \\ / o2
THF, 0° C. to r.t. / \ /
Br E
R’ R>
8

(HO).B Pd(OAc); (2.5 mol %)

A-taPhos (6 mol %)
8 + -

K>CO3 (6 equiv.)
DME/water, 80° C.

RS,Q'
(2.5 equiv)
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-continued
R8

R R*
N
’ \ RZ
N
H
R9
Formula I

Example 2: Synthesis of Compounds of Formula II

Compounds of Formula II can be prepared as illustrated
by the exemplary reactions 1n Scheme 3. Intermediate pyra-
zole carbaldehyde 14 can be prepared by the reaction of aryl
hydrazone 12 with Vilsmeier-Haack reagent (DMFE/POCI,).
Oxidation of intermediate pyrazole carbaldehyde 14 with
NaOCl, at 0° C. 1n the presence of a sulfamic acid scavenger
tfurnished the corresponding acid 15. Aryl hydrazone 12 was
prepared from the corresponding acetophenone, benzophe-
none or acylheteroaromatic dertvative 10 and hydrazine 11
in ethanol 1n the presence of acetic acid. Compounds of
Formula II can be prepared from the corresponding acid 15
and amine 16 using standard coupling reagents such as, for
example, CDI or EDCI/HOBTt 1n the presence of base (e.g,
triethylamine).

Scheme 3: Synthetic Scheme for the preparation of compounds of Formula

11

O
% AcOH
Rl H,N R!®  Ethanol, 80° C.
10 11
POCI
H + ; -
N N O
RnJ\N"' SRl NS
12 13
O
H Rl
NaOCl,/NH,SOzH
o
/ \ Acetone/H,0, 0° C.-r.t.

N
|

R]O

14

O

HO R
R]Z
EDCI/HObt
/ \ + -
8 NH, EtzN/DMF

N~
‘ 16
R]O
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-continued
RI2 O

\

HN Rl
N~ N
IL]D

Formula 11

Example 3: Insect Feeding Assays

For evaluating control of insect species, the test unit
consisted of a 96-well bioassay plate filled with a species-
specific artificial diet. Compounds were dissolved 1n DMSO
and added as diet overlay to the indicated concentration, and
dried/maintained overmight before infestation. Once dry, the
bioassay plates were infested with a single neonate larva
(nymph for lygus) per well. The bioassay plates were then
held for 6 days 1n an 1ncubator at 27° C. and 50% relative
humidity. Sample response was then visually assessed based
on mortality and stunting of the insect. A “+” score was
given to samples which showed any level of stunting and/or
mortality higher than that of the untreated controls. A “-
score was given to samples which showed no activity.
Western corn rootworm data represents a summary of three
replicates. Data for all other insect species represents a
summary ol two replicates. Summarized results are pre-
sented 1n the Tables below.

TABLE 1A

Insect Feeding Assay—Western Corn Root Worm (WCR)

Formula WCR (0.1 mg/mL)

[-1
[-11

[-1v

+ + + +

[-v
Untreated control (DMSO) —

TABLE 1B

Insect Feeding Assay—Diamondback Moth (DBM)

Formula DBM (0.1 mg/mL)

II-1 +
[I-11 +
Untreated control (DMSO) —

TABLE 1C

Insect Feeding Assav—Yellow Fever Mosquito (YFM)

Formula YEM (0.1 mginil.)
I-1
[-11

[-111

[-1v

+ + + +
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TABLE 1C-continued

Insect Feeding Assav—Yellow Fever Mosquito (YFM)

Formula YEM (0.1 mginil)

II-1
II-111
[I-1v
II-v
Untreated control (DMSO)

I+ + + +

Example 4: Insect Feeding Assays

For evaluating control of insect species i this example,
the test unit consisted of a 96-well bioassay plate filled with
species-specific artificial diet. Compounds were dissolved 1n
DMSO and added as diet overlay to the indicated concen-
tration and dried/maintained overnight before infestation.
Once dry, the bioassay plates were inifested with a single
neonate larva (nymph for lygus) per well. The bioassay
plates were held for 6 days 1n an incubator at 27° C. and 50%
relative humidity. Each well was assessed for infestation and
contamination. Wells that were contaminated or not infested
were not icluded 1n the stunting and mortality assessment.
A stunting score was reported based on the relative size of
the survivors within the 8-well column with averaging
across a 3 column replicate. Untreated control insects were
used as a reference. Percent mortality was determined as the
percentage of msects that did not survive the treatment with
the compound divided by the total insect count within an
8-well column and averaged across a 3 column replicate.
Under these assay conditions, “+” represents mortality or
stunting significantly different compared to the untreated
control and “-” represents no significant difference 1n mor-

tality or stunting compared to the untreated control.

TABLE 2A

Insect Feeding Assayv—Diamondback Moth (DBM)

Formula DBM (0.05 mg/mL)

I-1 +

I-11 +
[-111 not tested
[-1v +

[-v —
[-vi1 +
[-vil +
[-v1i1 +
[-1x +

I-x +

II-1 +
I1-11 —
[1-111 —
[I-1v —

[-v not tested

TABLE 2B

Insect Feeding Assay—Fall Armyworm (FAW)

Formula FAW (0.05 mg/mL)

[-1 —
[-11 +
[-111 not tested
[-1v —
I-v —
[-vi —
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2E-continued

27
TABLE 2B-continued

TABL.

(L]

Insect Feeding Assav—Fall Armvworm (FAW) Insect Feeding Assayv—Western Tarnished Plantbug

Formula FAW (0.05 mg/mL) Formula WTP (0.05 mg/mL
5

[-vil + [-x +

[-v1il — I-1 —

[-1x + II-11 —

[-x + II-111 —

[-1 —~ II-iv —

II-11 - 10 [I-v not tested

[I-111 —

[I-1v —

[I-v not tested

TABLE 2F
15 Insect Feeding Assayv—Yellow Fever Mosquito (YEW)
TABLE 2C
Formula YIFM (0.05 mg/mL)
Insect Feeding Assay—Sovbean Looper (S1.) I ~
Formul SL (0.05 mg/mL - iy
I (0.05 mg/mL) 0 [-111 not tested
I B [-1v +
I-11 + I-V. —
[-111 not tested I'V,I, +
[-1v _ I-Vlllll +
T-v 3 I-‘{lll +
-vi _ » [-1x -
[-vii + II—X _
[-vi1i1 _ L _
[-1x + H-lllll _
T-x + H-1.11 -
I B [I-1v —
. I[I-v not tested
II-11 - 30

II-111 —

[I-1v — : : : :

MTov ot tested When mtroducing elements of the present invention or the

preferred embodiments(s) thereof, the articles *“a”, “an”,

“the” and “said” are intended to mean that there are one or

35 more of the elements. The terms “comprising”, “including”

TABLE 2D Ct e s . . .

and “having” are intended to be inclusive and mean that

Insect Feeding Assav—Western Corn Rootworm (WCR) there may be addltlonal elements Other ’[hElll the IISted
clements.

Formula WER (0.05 mg/mlL) In view of the above, it will be seen that the several
I-i not tested 40 objects of the mnvention are achieved and other advantageous
[-11 not tested results attained.

[-111 not tested A : h 1d b de in the ab duct

Ly ot testod s various changes could be made in the above products

I-v not tested and methods without departing from the scope of the inven-

[-vi not tested tion, 1t 1s intended that all matter contained i1n the above

II'V,IF, not tfmc' 4> description shall be interpreted as illustrative and not in a

-V111 . ’w

i . limiting sense.

[-x +

é'l.. HDE ?5?‘3' What is claimed is the following:

-11 NNOT testea . .

i ot tested 50 1. A .method of controlling insect pests, the method

[I-1v not tested COIMPrising.

II-v not tested administering to a plant, seed, soil or mnsect, a composi-
tion comprising a compound of Formula II or a salt
thereof

TABLE 2E 55
Insect Feeding Assay—Western Tarnished Plantbug 0 Formula II
11,
Formula WTP (0.05 mg/mlL Rlz--z\ R

L B

g . 60 A\

-11 +

[-111 not tested Jl /N

[-iv - N

I-v — |

[-vi + R 10

[-vii —

I-viii - 63

I-ix - wherein R'® is selected from the group consisting of

phenyl, halophenyl, tolyl, napthyl, phenanthrenyl,
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anthracentyl, indenyl, azulenyl, biphenyl, biphenyle-
nyl, and fluorenyl and C,-C, , alkyl;

wherein R"' is selected from the group consisting of
phenyl, halophenyl, tolyl, napthyl, phenanthrenyl,
anthracentyl, indenyl, azulenyl, biphenyl, biphenyle-
nyl, and fluorenyl and 5- to 14-membered heteroaryl;

wherein R'* is selected from the group consisting of
C,-C,, alkyl, C,-C,, alkenyl, C,-C,, alkynyl,
C,-C,, alkoxy, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, methylcyclohexyl, cycloheptyl, azetidi-
nyl, oxetanyl, tetrahydrofuranyl, dioxolinyl, pyrro-
lidinyl, pyrrolidinonyl, imidazolidinyl, pyrazolidi-
nyl, pyrrolinyl tetrahydropyranyl,
tetrahydrothiopyranyl, pipernidinyl, morpholinyl,
dithianyl, thiomorpholinyl, piperazinyl, trithianyl,
and diazepanyl; and

wherein 7 1s C,-C, alkyl or a bond.

2. The method of claim 1, wherein R'" is selected from the
group consisting of phenyl and tolyl, and R'' is selected
from the group consisting of phenyl, thienyl and chlorophe-
nyl.

3. The method of claim 1, wherein R*“ is selected from the
group consisting of allyl, 2-methylcyclohexyl, ethoxy, tet-
rahydrofuran-2-yl, tetrahydro-2H-thiopyran-4-yl, and Z 1s
C,-C; alkyl or a bond.

4. The method of claim 1, wherein an eflective amount of
a compound selected from the group consisting of N-allyl-
3-phenyl-1-(p-tolyl)-1H-pyrazole-4-carboxamide, N-(2-
methylcyclohexyl)-1-phenyl-3-(thiophen-2-yl)-1H-pyra-
zole-4-carboxamide, 3-(2-chlorophenyl)-N-(2-ethoxyethyl)-
1 -methyl-1H-pyrazole-4-carboxamide, 3-(2-chlorophenyl)-
1 -methyl-N-(2-(tetrahydrofuran-2-yl)ethyl)-1H-pyrazole-4-
carboxamide, 3-(2-chlorophenyl)-1-methyl-N-(tetrahyrdo-
2H-thiopyran-4-yl)-1H-pyrazole-4-carboxamide, and a salt
thereol 1s administered to the plant, seed, soil or 1nsect.

5. The method of claim 1, wherein the composition 1s
administered to a seed.
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6. The method of claam 1, wherein the composition 1s
administered to a plant.

7. The method of claim 1, wherein the insect pest 1s
selected from the group consisting of diamondback moth,
fall armyworm, soybean looper, Western corn rootworm,
Western tarnished plantbug and yellow fever mosquito.

8. The method of claim 2, wherein R is selected from the
group consisting of allyl, 2-methylcyclohexyl, ethoxy, tet-
rahydrofuran-2-yl, tetrahydro-2H-thiopyran-4-yl, and Z 1s
C,-C; alkyl or a bond.

9. The method of claim 8 wherein R'* is an allyl.

10. The method of claim 1 wherein R'® is selected from
the group consisting of tolyl and methyl, and R'" is selected
from the group consisting of phenyl and chlorophenyl.

11. The method of claim 10 wherein R'* is selected from
the group consisting of allyl, 2-methylcyclohexyl, ethoxy,
tetrahydrofuran-2-yl, tetrahydro-2H-thiopyran-4-yl, and Z 1s
C,-C; alkyl or a bond.

12. The method of claim 11 wherein R'* is an allyl.

13. The method of claim 1, wherein R'° is selected from
the group consisting of p-tolyl, methyl, or phenyl; R"" is
selected from the group consisting of 2-chlorophenyl,
2-thienyl, or phenyl; R'? is selected from the group consist-
ing of allyl, 2-methylcyclohexyl, ethoxy, tetrahydrofuran-2-
yl, tetrahydro-2H-thiopyran-4-yl, and Z 1s C,-C, alkyl or a
bond.

14. The method of claim 13 wherein the composition 1s
administered to a seed.

15. The method of claim 13 wherein the composition 1s
administered to a plant.

16. The method of claim 13 wherein the insect pest 1s
selected from the group consisting of diamondback moth,

fall armyworm, soybean looper, Western corn rootworm,
Western tarnished plantbug and yellow fever mosquito.

G ex x = e
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